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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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For: APPARATUS AND METHOD FOR 
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PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 2 0231 

Sir : 

The present application is a divisional of the Patent 
Application No. 09/296,297 filed April 22, 1999 Prior to an 
initial examination of the above- identified patent application, 
please amend the application as follows: 

IN THE TITLE OF THE INVENTION : 

Please change the title to: 

--APPARATUS AND METHOD FOR ELECTROPLATING--. 



Examiner : E . Wong 
Group Art Unit: 1741 
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IN THE SPECIFICATION 

Please replace the paragraph beginning on page 1, line 10, with 
the following rewritten paragraph: 

--With high integration of an LSI (large scale integrated) 
circuit, internal interconnection is becoming minute and multi- 
layered. Along with such a tendency, development of a 
flattening technique on formation of interconnection, a 
processing technique for minute interconnection, and maintenance 
of reliability become important problems. As one of the 
solutions to these problems, embedded interconnection technique 
has been investigated. In particular, a copper embedded 
interconnection technique aiming at high speed operation and low 
consumption power is receiving attention. 

Please replace the paragraph beginning on page 2, line 20, 
with the following rewritten paragraph: 

--As shown in Fig. 1C, because the coverage of the barrier 
metal layer 113 and the glue layer 114 on the concave part 112 
does not become 100%, the resistance of the barrier metal layer 
113 and the glue layer 114 is increased at these parts. Under 
the circumstances, when electroplating is conducted by immersing 
in a copper electroplating solution 121, current concentration 
occurs at the opening part (shown by arrows in the figure) . The 
rate of the film formation is thus increased at the part at which 
current concentration occurs. A bubble 115 is formed inside the 
concave part 112. As a result, a copper film 116 is formed with 
a void 115 forming inside the concave part 112, as shown in Fig. 
ID. In Fig. 1C, the figure is drawn with the upper surface of 
the interlayer insulating film 111 being downward on the contrary 
to the other figures. -- 
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Please replace the paragraph beginning on page 3, line 9, with 
the following rewritten paragraph: 

--Fig. 2 is a schematic cross sectional view showing the 
voids actually formed on producing a copper film by 
electroplating. As shown in Fig. 2, it has been found that the 
copper film 116 is grown in the condition in that the voids 115 
are formed over the interior to the upper part of the concave 
parts (grooves) 112 formed in the interlayer insulating film 
111 

Please replace the paragraph beginning on page 3, line 16, with 
the following rewritten paragraph: 

--In the electroplating apparatus 12 0 for a wafer currently 
available as shown in Fig. 3, in order to prevent the back 
surface of the wafer 110 from contacting with a plating solution 
(containing copper ions) 121, a face-down structure is employed 
in that the front surface of the wafer 110 faces the plating 
solution 121. The plating solution is stored in a plating bath 
122, and an anode 123 is provided in the plating solution 121.-- 

Please replace the paragraph beginning on page 3, line 23, with 
the following rewritten paragraph: 

--In the method described above, there is a case where the 
plating solution 121 cannot be spread into minute parts formed on 
the surface of the wafer 110 as shown in Fig. 4A. That is, there 
is a case where a bubble 117 remains inside the concave part (for 
example, a groove) 112. When electroplating is conducted under 
such conditions, the copper film 116 is grown in the condition in 
that the bubble 117 remains and a void 115 is formed inside the 
concave part 112, as shown in Fig. 4B.-- 
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Please replace the paragraph beginning on page 4, line 7, with 
the following rewritten paragraph: 

--It has been reported by Y. Harada, et al . in Preprints of 
58th Shuki Gakujutu Koenkai of the Japan Society of Applied 
Physics, 3p-E-4, p. 776 (1997) that the void thus formed is by 
subjecting to a heat treatment at about 400 (C. However, the void 
generated by forming a film by electroplating contains air as 
different from a void generated by sputtering under high vacuum. 
Since air contains about 2 0% of oxygen, there is a possibility 
that the surroundings of the void are oxidized, and increase in 
resistance and deterioration of reliability may occur. -- 

Pleas replace the paragraph beginning on page 5, line 16, with 
the following rewritten paragraph: 

--Because the article to be plated is immersed in the 
plating solution through the non-oxidative atmosphere, even when 
a bubble invades into the minute part, such as a groove and a 
connecting hole, of the article to be plated on immersing the 
article into a plating solution, so as to form a plated layer 
with the bubble becoming a void, the void does not contain 
oxygen. Therefore, the plated layer is not oxidized when the gas 
contained in the void is absorbed by the plated layer by 
subjecting the plated layer to the heat treatment to cause the 
void to disappear. Thus, increase in resistance and 
deterioration of reliability in the plated layer do not occur. 

Please replace the paragraph beginning on page 7, line 5, with 
the following rewritten paragraph: 

--As shown in Fig. 5, an apparatus for electroplating 
comprises a plating chamber 11 having an interior maintained with 
a non-oxidative atmosphere, a plating bath 21 provided inside the 
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plating chamber 11, and means for holding a wafer 41 of a face 
down type . - - 

Please replace the paragraph beginning on page 7, line 16, with 
the following rewritten paragraph: 

--The means for holding a wafer 51 is tranportably provided 
by a driving unit not shown in the figure above the plating 
solution 31, and is freely movable in the direction A shown by 
the arrow in the figure. The means for holding a wafer 51 is 
equipped with a cathode 42, and the cathode 42 is connected to 
the surface to be plated (the lower surface in the figure) of the 
wafer 51. The anode 22 and cathode 42 are connected to a power 
source not shown in the figure. -- 

Please replace the paragraph beginning on page 8, line 12, with 
the following rewritten paragraph: 

--In the apparatus for electroplating 1 described above, 
because the plating bath 21 is provided in the plating chamber 11 
containing the non-oxidative atmosphere, even when a bubble 
invades into the minute part, such as a concave part (not shown 
in the figure), e.g., a groove and a connecting hole, of the 
wafer 51 to be plated on immersing the wafer 51 into the plating 
solution 31 in the plating bath 21, so as to form a plated layer 
with the bubble becoming a void, the void contains a non- 
oxidative gas but does not contain oxygen. Therefore, the plated 
layer is not oxidized when the gas contained in the void is 
absorbed by the plated layer by subjecting the plated layer to 
the heat treatment to eliminate the void. Thus, increase in 
resistance and deterioration of reliability in the plated layer 
do not occur . - - 
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Please replace the paragraph beginning on page 13, line 5, with 
the following rewritten paragraph: 

--Accordingly, it becomes possible that the void can be 
eliminate by the subsequent heat treatment of the copper film 57 
without oxidation of the copper film 57, so as to bury the copper 
film 57 in the groove 53 as shown in Fig. 8A. 

--Please replace the paragraph beginning on page 15, line 6, 
with the following rewritten paragraph: 

--According to the method for electroplating of the 
invention, because the article to be plated is immersed in the 
plating bath through a non-oxidative atmosphere, even when a 
bubble invades into the minute part, such as a concave part, 
e.g., a groove and a connecting hole, of the article to be plated 
on immersing the article into a plating solution in the plating 
bath, the bubble is composed of a non-oxidative gas. Therefore, 
when a plated layer with the bubble becoming a void, the void 
contains the non-oxidative gas. Therefore, the plated layer is 
not oxidized when the gas contained in the void is absorbed by 
the plated layer by the heat treatment, and increase in 
resistance and deterioration of reliability in the plated layer 
can be prevented. 

Please delete page 19 in its entirety 
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IN THE CLAIMS: 

Please cancel claims 5-12 without prejudice or disclaimer. 

13. (New) An apparatus for electroplating as claimed in 
claim 1, further comprising a plating chamber having an interior 
with said non-oxidative atmosphere, said plating bath provided 
inside the plating chamber. 

14. (New) An apparatus for electroplating as claimed in 
claim 1, wherein said plating chamber includes a gas supply port 
for supplying said non-oxidative gas to said plating chamber and 
gas evacuation port for evacuating gas contained in the plating 
chamber . 

15. (New) An apparatus for electroplating as claimed in 
claim 1, wherein said metal is a copper film, said plating bath i 
provided in a plating chamber having means for embedding said 
copper film in a groove or a connecting hole of an article to be 
plated in said plating bath, whereby voids formed in said copper 
film include an inert gas forming said non-oxidative layer, and 
whereby said copper film may be heat treated without oxidation of 
said film. 

16. (New) An apparatus for electroplating as claimed in 
claim 2, wherein each of said pre-treating chamber and said 
transportation chamber contain said non-oxidative atmosphere. 
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REMARKS 



This preliminary amendment cancels claims 5-12. 

Entry of the foregoing amendment prior to examination is 
respectfully requested. An early and favorable action on the 
material is respectfully requested. Should there be any questions 
regarding the application, the Examiner is invited to telephone 
the undersigned at telephone number listed below. 



RADER, FISHMAN & GRAUER, PLLC 

The Lion Building 

1233 20 th Street, N.W. , Suite 501 
Washington, D.C. 2 0 036 
Tel: (202) 955-3750 
Fax: (202) 955-3751 

Customer No. 233 53 



Respectfully submitted, 




Date: May 31, 2 001 



^HRonald P. Kananen 
Reg. No. 24,104 
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APPENDIX 

IN THE TITLE OF THE INVENTION : 

Please change the title to: 

--APPARATUS AND METHOD FOR ELECTROPLATING--. 

IN THE SPECIFICATION : 

Please replace the paragraph beginning on page 1, line 10, with 
the following rewritten paragraph: 

--With high integration of an LSI (large scale integrated^ 
circuit [) ] , internal interconnection is becoming minute and 
multi -layered. Along with such a tendency, development of a 
flattening technique on formation of interconnection [and]^ a 
processing technique [of] for minute interconnection, and 
maintenance of reliability become important problems. As one of 
the solutions [of] to these problems, embedded interconnection 
technique has been investigated. In particular, a copper 
embedded interconnection technique aiming at high speed operation 
and low consumption power is receiving attention. 

Please replace the paragraph beginning on page 2, line 20, 
with the following rewritten paragraph: 

--As shown in Fig. 1C, because the coverage of the barrier 
metal layer 113 and the glue layer 114 on the concave part 112 
does not become 100%, the resistance of the barrier metal layer 
113 and the glue layer 114 is increased at these parts. Under 
the circumstances, when electroplating is conducted by immersing 
in a copper electroplating solution 121, current concentration 
occurs at the opening part (shown by arrows in the figure) . The 
rate of the film formation is thus increased at the part[,] at 
which current concentration occurs. A bubble 115 is formed 
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inside the concave part 112. As a result, a copper film 116 is 
formed with a void 115 forming inside the concave part 112, as 
shown in Fig. ID. In Fig. 1C, the figure is drawn with the upper 
surface of the interlayer insulating film 111 being downward on 
the contrary to the other figures. -- 

Please replace the paragraph beginning on page 3, line 9, with 
the following rewritten paragraph: 

--Fig. 2 is a schematic cross sectional view showing the 
voids actually formed on producing a copper film by 
electroplating. As shown in Fig. 2, it has been found that the 
copper film 116 is grown in the condition [s] in that the voids 
115 are formed over the interior to the upper part of the concave 
parts (grooves) 112 formed in the interlayer insulating film 
111 

Please replace the paragraph beginning on page 3, line 16, with 
the following rewritten paragraph: 

--In the electroplating apparatus 12 0 for a wafer currently 
available as shown in Fig. 3, in order to prevent the back 
surface of the wafer 110 from contacting with a plating solution 
(containing copper ions) 121, a face-down structure is employed 
in that the front surface of the wafer 110 faces the plating 
solution 121. The plating solution is stored in a plating bath 
122, and an anode 123 is provided in the plating solution 121.-- 
Please replace the paragraph beginning on page 3, line 23, with 
the following rewritten paragraph: 

--In the method described above, there is a case where the 
plating solution 121 cannot be spread into minute parts formed on 
the surface of the wafer 110 as shown in Fig. 4A. That is, there 
is a case where a bubble 117 remains inside the concave part (for 
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example, a groove) 112. When electroplating is conducted under 
such conditions, the copper film 116 is grown in the condition in 
that the bubble 117 [is remained] remains and a void 115 is formed 
inside the concave part 112, as shown in Fig. 4B.-- 

Please replace the paragraph beginning on page 4, line 7, with 
the following rewritten paragraph: 

--It has been reported by Y. Harada, et al . in Preprints of 
58th Shuki Gakujutu Koenkai of the Japan Society of Applied 
Physics, 3p-E-4, p. 776 (1997) that the void thus formed is 
[disappeared] avoided by subjecting to a heat treatment at about 
400 (C. However, the void generated by forming a film by 
electroplating contains [the] air as different from a void 
generated by sputtering under high vacuum. Since [the] air 
contains about 2 0% of oxygen, there is a possibility that the 
surroundings of the void are oxidized, and increase in resistance 
and deterioration of reliability may occur. -- 

Pleas replace the paragraph beginning on page 5, line 16, with 
the following rewritten paragraph: 

--Because the article to be plated is immersed in the 
plating solution through the non-oxidative atmosphere, even when 
a bubble invades into the minute part, such as a groove and a 
connecting hole, of the article to be plated on immersing the 
article into a plating solution, so as to form a plated layer 
with the bubble becoming a void, the void does not contain 
oxygen. Therefore, the plated layer is not oxidized when the gas 
contained in the void is absorbed by the plated layer by 
subjecting the plated layer to the heat treatment to 
[disappear] cause the void to disappear . Thus, increase in 
resistance and deterioration of reliability in the plated layer 
do not occur . - - 
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Please replace the paragraph beginning on page 7, line 5, with 
the following rewritten paragraph: 

--As shown in Fig. 5, an apparatus for electroplating [1] 
comprises a plating chamber 11 having an interior maintained 
[at] with a non-oxidative atmosphere, a plating bath 21 provided 
inside the plating chamber 11, and means for holding a wafer 41 
of a face down type.-- 

Please replace the paragraph beginning on page 7 , line 16, with 
the following rewritten paragraph: 

--The means for holding a wafer [41] 51 is tranportably 
provided by a driving unit not shown in the figure above the 
plating solution 31 , and is freely movable in the direction A 
shown by the arrow in the figure. The means for holding a wafer 
[41] 51 is equipped with a cathode 42, and the cathode 42 is 
connected to the surface to be plated (the lower surface in the 
figure) of the wafer 51. The anode 22 and cathode 42 are 
connected to a power source not shown in the figure. -- 

Please replace the paragraph beginning on page 8, line 12, with 
the following rewritten paragraph: 

--In the apparatus for electroplating 1 described above, 
because the plating bath 21 is provided in the plating chamber 11 
containing the non-oxidative atmosphere, even when a bubble 
invades into the minute part, such as a concave part (not shown 
in the figure), e.g., a groove and a connecting hole, of the 
wafer 51 to be plated on immersing the wafer 51 into the plating 
solution 31 in the plating bath 21, so as to form a plated layer 
with the bubble becoming a void, the void contains a non- 
oxidative gas but does not contain oxygen. Therefore, the plated 
layer is not oxidized when the gas contained in the void is 
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absorbed by the plated layer by subjecting the plated layer to 
the heat treatment to [disappear] eliminate the void. Thus, 
increase in resistance and deterioration of reliability in the 
plated layer do not occur. 

Please replace the paragraph beginning on page 13, line 5, with 
the following rewritten paragraph: 

--Accordingly, it becomes possible that the void can be 
[disappeared] eliminate by the subsequent heat treatment of the 
copper film 57 [with out] without oxidation of the copper film 57, 
so as to bury the copper film 57 in the groove 53 as shown in 
Fig. 8A. 

--Please replace the paragraph beginning on page 15, line 6, 
with the following rewritten paragraph: - -According to the method 
for electroplating of the invention, because the article to be 
plated is immersed in the plating bath through a non-oxidative 
atmosphere, even when a bubble invades into the minute part, such 
as a concave part, e.g., a groove and a connecting hole, of the 
article to be plated on immersing the article into a plating 
solution in the plating bath, the bubble is composed of [an] a 
non-oxidative gas. Therefore, when a plated layer with the 
bubble becoming a void, the void contains the non-oxidative gas. 
Therefore, the plated layer is not oxidized when the gas 
contained in the void is absorbed by the plated layer by the heat 
treatment, and increase in resistance and deterioration of 
reliability in the plated layer can be prevented. 

Please delete page 19 in its entirety 
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IN THE CLAIMS: 

Please cancel claims 5-12 without prejudice or disclaimer. 

13 . (New) An apparatus for electroplating as claimed in 
claim 1, further comprising a plating chamber having an interior 
with said non-oxidative atmosphere, said plating bath provided 
inside the plating chamber. 

14. (New) An apparatus for electroplating as claimed in 
claim 1, wherein said plating chamber includes a gas supply port 
for supplying said non-oxidative gas to said plating chamber and a 
gas evacuation port for evacuating gas contained in the plating 
chamber. 

15. (New) An apparatus for electroplating as claimed in 
claim 1, wherein said metal is a copper film, said plating bath is 
provided in a plating chamber having means for embedding said 
copper film in a groove or a connecting hole of an article to be 
plated in said plating bath, whereby voids formed in said copper 
film include an inert gas forming said non-oxidative layer, and 
whereby said copper film may be heat treated without oxidation of 
said film. 

16. (New) An apparatus for electroplating as claimed in 
claim 2, wherein each of said pre-treating chamber and said 
transportation chamber contain said non-oxidative atmosphere. 
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